tStandard Brands Incorporated, Fellow, 1932-34. : In this paper vitamin B1 (B) refers to the antineuritic vitamin or aneurin (Jansen). Vitamin B2 is probably equivalent to vitamin G (Sherman and Booher), B. (Kuhn), BF (Harris) , and lactoflavin. The "third factor" may be vitamin H (Booher, Gy6rgy), vitamin BP (Harris) , pellagra factor B2 (Elvehjem), B, (Gy6rgy), Y (Chick), P. P. (pellagra-preventive), or some mixture of these substances. § In spite of the demonstration'0 that methionine is capable of supplementing a diet deficient in cystine, we have always4 fortified our casein-containing diets with cystine. The justification for this inclusion has been indicated by the experiments of Itter, Orent, and McCollum" who have observed alopecia in rats on a diet containing 20 per cent of casein. B2 preparation from fresh liver, the growth rate fell to 2.7 gm. per day (Chart, A+D). The substitution of the Stuart-Block-Cowgill"4 vitamin B, concentrate for that prepared by the alkali elution method resulted in a further decrease in the rate of growth (1.2 gm. per day, Chart, B+D), indicating the presence of a "third factor" in the other preparation. When this factor was supplied by the use of the alkali-eluted B, concentrate, more rapid growth (2.0 gm. per day, Chart, A+D) was again obtained. Similar observations regarding the presence of a "third factor" in the alkali-eluted preparation were obtained by the use of a vitamin B2 concentrate prepared from protein-free milk (Chart, B+E and A+E). Sufficient evidence is not available at present to show whether this progressive slowing of growth rate with increasing purification of the diet is due solely to suboptimal proportions of the factors studied or, as is probable, to the need of still other "accessory factors." Curve 25B shows the effect of increasing the amount of acid-eluted antineuritic vitamin to 62.5 international units for 30 days, and curve 25B+D the result of supplying in addition 1 mg. of vitamin B2 concentrate as in the preceding experiments. It is evident that such an increase of the acid-eluted antineuritic concentrate does not supply a sufficiency of the missing factor. Comment
It has been previously shown4 that the vitamin B, concentrate prepared from rice polishings by the alkali elution method' is essentially free from vitamin B2. Several investigators12' 18 have used this, or similar preparations, as a source of the antineuritic factor, supposedly free from other members of the vitamin B complex. Zimmerman and Burack'8 fed dogs a diet similar to the one we have employed in which the alkali-eluted concentrate supplied vitamin B, and the "third factor." Although the diet was deficient in vitamin B2, black-tongue was not observed; nevertheless after a period of from 3 to 8 months, the animals died, having shown typical ataxic and other neuropathological symptoms. Histological investigations of the central nervous system of the animals showed that there were marked lesions in the columns of Goll and Burdach. The authors pointed out that these degenerative lesions were "similar to or identical with" those described in human pellagra.
We have been able to maintain rats for several months on our purified diet supplemented with 2.5 international units of this same alkali-eluted antineuritic vitamin. When these animals finally succumbed, they showed the same type of lesion in the spinal cord as that observed'8 in dogs7 on the vitamin B2 deficient ration. Since there was no evidence of cataract, which many workers have produced in rats fed similar diets, we suggest that the lack of this vitamin alone is not the sole factor in the production of cataract.6
Zimmerman, Cohen, and Gildea'9 reported that a patient suffering from "pellagra in association with chronic alcoholism" was apparently cured by parenteral administration of a large dose of this alkali-eluted vitamin concentrate. At that time this result was attributed to the antineuritic B, vitamin in the material. In the light of the work we are reporting, it is not unlikely that the cure was due to the presence of the "third factor" in the concentrate.
Miller and Rhoads"2 have found that a commercial vitamin B1 concentrate prepared from rice polishings, containing relatively little B2, is a potent source of the extrinsic anti-anemic factor. They conclude from this experiment that previous results4 '7 indicating the non-identity of vitamin B2 and the extrinsic factor are inconclusive or that, if B2 is the extrinsic factor, it must be active in very small doses. In view of our results, it seems reasonable to believe that the findings of Miller and Rhoads were due not to the small amount of vitamin B2 contained in their rice polishings concentrate, but rather to the presence of the "third factor."
The possibility that this "third factor" plays some role in such admittedly complicated conditions as anemia, pellagra"9, sprue2, black-tongue, nutritional cataract, etc. is naturally suggested. One illustration of this may be cited. In human pellagra, there are at least three important components of the syndrome, those referable to the central nervous system, those involving the skin, and those characterizing the gastro-intestinal tract. It is conceivable that the nervous lesions may be due to lack of vitamin B218 and that one or both of the other components may be referable to a deficiency of the "third factor." If maize should be shown to be markedly deficient in the "third factor," this would explain in part the prevalence of pellagra among maize-eating peoples. If the gastrointestinal tract is sensitive to lack of the "third factor" and maize contains very litde of it, this would serve also to explain the ease with which black-tongue is produced on Goldberger's maize-rich rations.
Summary
Rats were fed a highly purified diet supplemented with 1 mg. of a vitamin B2 concentrate per day. More rapid and longer-continued growth was observed when the antineuritic vitamin requirements were supplied by a concentrate prepared from rice polishings by alkali extraction of the material adsorbed on Lloyd's reagent than by the use of an equal number of units prepared by acid extraction.
Thus, further evidence is presented that, in addition to vitamin B1 and vitamin B2, another factor (or factors) in the vitamin B complex is needed for the growth of the albino rat. This "third factor" is present in rice polishings. It is adsorbed on Lloyd's reagent and is eluted by dilute sodium hydroxide but not by alcoholic hydrochloric acid.
